Abstract To investigate the time trend and distribution of cutaneous leishmaniasis in Iranian Army Units (IAUs) and general population (GP). with using census, Data on CL incidence in IAUs (from AJA University of Medical Sciences) and GP (from Ministry of Health) during 2005-2014 were extracted and entered into the GIS software. Cochran-Armitage test, choropleth map, hotspot analysis and high/low clustering analysis were used to determine time trend, distribution of disease, hotspots, and possible abnormal clustering, respectively. The number of infected individuals in IAUs and GP were 6533 and 153,499 respectively (with incidence rates of 143.68 per 100,000 and 25.86 per 100,000, respectively). Time trend analysis revealed the departure from linear trend for the incidence in IAUs (p \ 0.001), but no such time trend was found in GP. According to choropleth maps; in IAUs, Khozestan from southwest, Esfahan from central and Kermanshah from west parts of Iran and among GP; Fars, Yazd, and Kerman in southern-east of Iran showed a high incidence rates. In IAUs, Esfahan and Khuzestan provinces was hot-spots of CL (p \ 0.05), but in GP, provinces like Fars and Khorasanshomali was hot-spots (p \ 0.05). No clustering pattern of disease was observed in either study populations. Observed spatiotemporal variability in CL among IAUs and GP warrants proper health programs particularly to Khozestan and Esfahan in IAUs and Fars and Khorasanshomali in GP are highly recommended.
Introduction
Cutaneous leishmaniasis (CL) is one of the most common forms of leishmaniasis, transmitted through a variety of sand fly species (Reithinger et al. 2007 ). Global researchers have reported a morbidity rate of more than 1,000,000 over the last 5 years (Leishmaniasis and facts 2014) , with 300,000 new cases reported annually (Desjeux 1996) . CL has been reported at least in 70 countries, with 90% of them are concentrated within Afghanistan, Algeria, Brazil, Pakistan, Peru, Saudi Arabia, and Syria (Desjeux 2004a, b; Aflatoonian et al. 2016 ). Surveillance system data shows a growing incidence rate of CL worldwide, indicating the importance of this disease (Reithinger et al. 2007) .
In Iran, CL endemically occurs in two forms included Zoonotic-CL (ZCL) and Anthroponotic-CL (ACL) (Manual Leishmaniasis 2016; Sharifi et al. 2011) . Studies have shown that health system was challenged by huge number of cases, such as in 2009 approximately 26,000 cases of CL were reported Gholamrezaei et al. 2016; Heydarpour et al. 2016; Holakouie-Naieni et al. 2017 ).
CL represents a complicated ecologic cycle and various factors have been suggested to affect the incidence of disease such as; geographical location and climate. CL is frequently found in tropical areas (Gage et al. 2008; Chelbi et al. 2009; Salehi-Moghadam et al. 2015; Barati et al. 2016) . One of the useful tools capable of evaluating the effect of these spatial factors is geographic information system (GIS). This system not only provides descriptive maps of high risk areas and the incidence of probable cumulative disease trend (Hot Spot Analysis 2016; Asgari 2011), but also predicts the distribution of the disease. (Inverse Distance Weighted 2016) .
Despite the presence of leishmaniasis in the majority of provinces of Iran, with a high percentage in countryside (Mirzazadeh et al. 2009; Holakouie-Naieni et al. 2017) , army units are one of the most prevalent places that experiences the leishmaniasis due to the distinct spatial status (Weina et al. 2004) . Various studies aimed to investigate the status of CL in general population (GP) utilizing GIS (Mirzazadeh et al. 2009; Holakouie-Naieni et al. 2017) . However, there are few studies that tried to employ this method to investigate the population of Iranian Army Units (IAUs). Using descriptive maps of CL incidence in IAUs (Salehi-Moghadam et al. 2015) article reported a high incidence among the army units located in Khozestan and Esfahan. Within GP, a study by HolakouieNaieni et al. showed changing high risk foci of CL. Using hot-spot analysis, study revealed that over the span of three decades high risk areas have been changed from southwestern to northeastern parts of Iran. However, over the last decade, the main foci of CL are reported from central provinces such as; Fars, Kerman, and Yazd.
In order to identify high risk areas affected by CL within GP and IAUs, this study aimed to provide spatio-temporal modeling for CL from 2005 to 2014 and to compare such models between IAUs and GP.
Methods
The study area Iran is a country in the Middle-East with the area of 1,648,195 km 2 . It is the 16th largest country in the world and has a population of over 80 million (2016) . Iran has a variety of environmental conditions in terms of length and breadth of geography, topographic diversity, and a range of altitude up to 5671 m above sea level. Iran's climate varies from arid to subtropical so that the mean rainfall varies 100-2000 mm and temperature ranges from 0 to 50°C . Iran has border with Armenia, Turkmenistan, and Azerbaijan in the north, Afghanistan and Pakistan in the East, Persian Gulf and Gulf of Oman in the south, Iraq in the east; and Turkey in the northwest. Iran is currently divided into 31 provinces (Holakouie-Naieni et al. 2017 ).
Study design, data collection and joining tables to GIS
This ecological study was conducted utilizing data on CL disease among IAUs and GP between 2005 and 2014. Ministry of Health and Medical Education provided data on the incidence of CL in the GP, while data for IAUs was taken from the health deputy of AJA Military University of Medical Sciences. Data was then transferred to MS Excel. Latest edition of electronic map was provided and to create one database, information table from map was merged with the data set of incidence rate by using common identifier within both data sets.
Time trend analysis
Cochran-Armitage test for linear trend was used to analyze the possible trends of disease incidence in IAUs and GP over the study period. This test assesses either decrease or increase in the rate of disease in different times and also is used to determine the meaningful changes in the process of disease. For time trend analysis we used Stata11 (StataCorp, College Station, TX, USA) (Nam 1987) .
Choropleth map
A choropleth map is a tool that uses a range of colors to show variable changes in the layers of polygons produced at the provincial level. For the reason of better detection of any changes in the distribution of CL, a series of choropleth maps for CL in the time frame of 2 years were created.
Hot spot analysis
Disease hotspots were identified by using the Getis-OrdGi* statistic (Hot-Spot Analysis 2016; Asgari 2011). The Hot Spot Analysis tool calculates the Getis-OrdGi* statistic (Eq. 1) for each province in a dataset. The resultant Gi score tells us how provinces with either high or low incidences spatially cluster. This tool works by analyzing each province within the context of neighboring provinces. A province with a high incidence of CL was considered to be a statistically significant Hot Spot especially when being surrounded by provinces with a high incidence rate of CL. The value belonged to a particular province was compared proportionally to that of the rest provinces; if the local value is much different than the expected local sum and difference is too large to be the result of random chance, a statistically significant Gi score would be obtained. To the contrary, a cold spot province is the one in which a low incidence of CL is detected and also is surrounded by provinces with low incidence. For hot-spot analysis, spatial weight calculated by Fixed Distance Band method. In this method, each province is analyzed within the context of neighboring provinces. Neighboring provinces inside the specified critical distance receive a weight of one and exert influence on computations for the index province. Provinces outside the critical distance receive a weight of zero and have no influence on an index province's computations. To determine the distance of neighboring zone around the index province, we used Euclidean Distance method that calculates distance between two polygon's (i.e. province) center. In other word, it is minimum distance between centers of two polygons. Center of polygons were determined by the centroid method. For weighting, no standardization of spatial weights was applied.
Equation 1: Getis-OrdGi* (Gi* Statistics)-where X j is the incidence of CL for province j, w ij is the spatial weight between province i and j, n is equal to the total number of provinces.
High/low clustering analysis
High/low clustering analysis was also used for detecting the concentration of high or low Incidence of CL for the chosen study area. To achieve this goal, we used General statistics (G statistics), a method developed by Getis and Ord capable of measuring how the high or low incidence areas are distributed. A positive or negative z-score for G(d) indicates spatial clustering of high or low Incidence, respectively (Eq. 2) (Hot Spot Analysis 2016; HolakouieNaieni et al. 2017).
Equation 2: G statistics-where x i and x j , respectively, are the Incidence of CL in the ith and jth Provinces; Wij is the spatial weight between the Province i and j; N is the total Incidence of CL; and S 0 is the aggregate of all spatial weights.
Ethical consideration
The Ethics Committee of AJA Military University of Medical sciences approved the study protocol, which was conducted in accord with the tenets of the Helsinki Declaration.
Results
The total number of infected cases between 2005 and 2014 in IAUs and GP were 6.533 and 153,499 respectively. An incidence average of 143.68 and 25.86 per 100,000 was estimated in IAUs and GP, respectively. Figure 1 demonstrates the incidence of CL in each province's IAUs and GP. As shown in this figure, Esfahan, Khozestan, and Kermanshah were provinces with the highest incidence of CL among all IAUs. On the other hand, the GP of Fars, Ilam, and Kerman showed the highest incidence rate. It is also worth noticing that some provinces like Yazd and Khorasan-Razavi seem to have higher incidence rate with GP as compared to IAUs. Overall speaking, the IAUs have higher rate of incidence of CL.
Time trend
As shown in Fig. 2 , the time trend in IAUs shows major fluctuations. The lowest and highest levels of incidence were reported in 2010 and 2011, respectively. In addition to this visual inspection, by Cochran-Armitage analysis, 
Spatial modeling
The choropleth 2-year maps from 2005 to 2014 are separately demonstrated for IAUs and GP in Figs. 3 and 4 , respectively. Over the study period, Khozestan, Esfahan, Kermanshah, Zanjan, Bushehr, Sistan-Baluchestan classified as provinces with a high incidence in IAUs ([200 per 100,000). Whereas within the GP; Fars, Kerman, and Yazd introduced as high incidence provinces. Comparing the choropleth maps of IAUs and GP, it is illustrated that the IAUs have higher incidence. Furthermore, we noticed a different pattern of incidence between these populations.
Figures 5 and 6 exhibits the hot-spot maps of CL in IAUs and GP. Results in IAUs revealed that Khozestan bore remarkably higher incidence rate in 2005-2006, 2009-2010, and 2011-2012 , when compared to the overall average and considered as a hot-spot (p \ 0.05). This analysis also reports a significantly higher incidence rate in Esfahan in 2011-2012, compared to that of country's average. This finding led us to classify this province as a hot-spot of CL (p \ 0.05). Hot-spot analysis in IAUs indicates a steady rate of incidence over the last years of study, and that no CL cold-spot province was identified over the entire period of study. Hot-spot analyses in GP showed the Fars province as a hot-spot in 2005-2006 and 2007-2008 , with a tremendously greater incidence of CL in comparison with the country average (p \ 0.05). Additionally, these analyses suggested the northwest provinces as low-risk areas and considered as cold-spot provinces.
Clustering analysis
In respect to the high/low clustering analysis, conducted in 2-year distinct periods, a normal distribution of data was observed, whereas no low/high frequency clustering was observed either in IAUs or GP.
Discussion
Regarded as a major global health issue, CL is endemic in southern-and northern-Mediterranean countries (Desjeux 2004a, b; Chelbi et al. 2009 ). Previously found in Iran, this disease has yielded a notable economical and health damages. Therefore, preventive strategies are of particular interest, especially for IAUs (Mehrabi-Tavana and Esfahani 2005; Salehi-Moghadam et al. 2015) and GP (Holakouie-Naieni et al. 2017) . In this study, we used documented data and GIS to provide a spatio-temporal modeling for CL. In addition, the distribution and spatiotemporal changes in Iran's IAUs and GP between 2005 and Fig. 4 Choropleth maps of CL incidence in general population (GP) during [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] 2014 were analyzed. Furthermore, by comparing these populations, we were able to enhance the CL preventive programs.
The total number of infected people with CL over the study period of 2005-2014 was 6533 among IAUs, significantly lower than that of GP (153,499 cases). However, regarding the fact that the ratio of identified to unidentified cases was 3-5 (Manual Leishmaniasis 2016; Shirzadi 2012) , it may be concluded that at least 20,000 IAUs and 450,000 GP cases were infected during these years.
Comparison of the CL incidence in IAUs and GP indicated a higher percentage in IAUs, as over the period of study, the number of infected IAUs members was 143.68 per 100,000, with 25.86 per 100,000 in GP. Therefore, it can be concluded that the incidence of CL in IAUs is higher than that of GP, implying the great burden of disease in army.
Time trend analysis over one decade in IAUs showed a periodical/circulating trend, with 4-5 years periodical decrease and increase. Although at the end of the study period, the incidence rate has increased in IAUs but no such trend was observed in GP. Similar observations were reported by Holakouie-Naieni et al. (2017) . Other studies have noted 5-6 years of periods of changing in the incidence trend (Salah et al. 2007) . This difference appears to be the result of the distribution of vectors, changes in disease reservoir population, climate, and life style of population in the high risk areas (Shirzadi 2012) . On the other hand, the study of the disease time trend in IAUs and GPs showed that in some years, the disease in the IAUs has sharply increased; while in GP, disease has almost monotonic. It seems that the fluctuations in the IAUs are due to climate change and most importantly, entry of susceptible populations to disease foci (Aflatoonian et al. 2016; Sharifi et al. 2011) . Descriptive maps illustrated a distinct picture of CL pattern, such as Khozestan and Esfahan have higher number of infected IAUs than IAUs of other provinces. Beside these two provinces, IAUs belonged to provinces like Kermanshah, Bushehr, Semnan, Qom, Qazvin, and Zanjan also have higher incidence rate of CL. This pattern was also found in Salehi-Moghadam et al. study conducted on army units (Salehi-Moghadam et al. 2015) .
On the other hand, disease distribution in GP showed a different pattern. GP of Fars, Ilam, Kerman, and Yazd were classified as provinces with a high incidence, similar to what Holakouie-Naieni et al. (2017) have reported.
Variation found in the incidence of CL between GP and IAUs can be attributed to flowing three reasons. Firstly, the presence of active foci in mentioned provinces that provide the ideal environmental conditions for vector and reservoir. Some of active foci were present in Mobarakeh and Barkhoar, Natanz, Kashan, and Ardestan regions of Esfahan province (Yaghoobi-Ershadi et al. 1995; Talari et al. 2006; Parvizi et al. 2010) , and Ahwaz, Dezful, and Shush regions of Khuzestan province (Sedaghat and Salahi 2010; Holakouie-Naieni et al. 2017) . Secondly, the different lifestyle and environmental status among army staffs. These units often are located outside of cities. Due to the lack of appropriate health facilities, and also specific tropical status, the possibility of reservoir rodent growth and subsequently increase in the population of Anopheles will be strengthened. Thirdly, military population often moves for the reason of military missions and training, and very often travels to the tropical areas. Increased risk of morbidity is also attributed to the fact that large military population has meager facilitations and lack of health considerations, resulting in an appropriate environmental situation for both reservoirs (Rh. opimus and M. libycus) Fig. 6 Hot spot maps of CL incidence general population (GP) during [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] and vector (ph.papatasi). Lastly, every year, many soldiers are recruited to army units. These soldiers usually come from non-endemic areas. The entry of susceptible people leads to the continuation of the disease transmission cycle.
One of the most important finding of this study achieved by analyzing and comparing the hot-spot maps in both IAUs and GP. These analyses showed diversity in distribution of CL between two studies groups. Indeed, hot-spot analysis classified Khozestan and Esfahan as significant hot-spot provinces. This finding showed a notably higher incidence of CL in IAUs located in these provinces. However, during the later years of study period, the distribution of CL incidence represented a steady rate in IAUs with no hot-spot areas. The importance of mentioned provinces as foci of disease in army units has been reported in other studies as well (Mehrabi-Tavana and Esfahani 2005; Salehi-Moghadam et al. 2015) . In contrast, the hotspot provinces were completely different in GP, Fars, Yazd, and Khorasan-shomali were regarded as hot-spot areas, and study (Holakouie-Naieni et al. 2017 ) reported similar result. Although it is difficult to precisely interpret these differences, it may be due to the different study populations and most importantly, diverse geographic and lifestyle status.
High/low clustering analysis did not show any CL clustering in GP and IAUs. This finding was similar to study (Holakouie-Naieni et al. 2017) , while different finding was reported in other studies (Mollalo et al. 2015; Elnaiem et al. 2003; Sudhakar et al. 2006; Salah et al. 2007; Chelbi et al. 2009; Barbosa et al. 2014) . The reason may be due to the level of analysis, as in studies with different result (Elnaiem et al. 2003; Sudhakar et al. 2006; Salah et al. 2007; Chelbi et al. 2009; Barbosa et al. 2014; Mollalo et al. 2015) small areas were considered. This led to the increased number of studied areas (polygons) and subsequently increased possibility of clustering patterns. In our study and other study (Holakouie-Naieni et al. 2017) analysis were conducted for provinces and resulted in decreased number of polygons and the limited power of finding clustering patterns by clustering test.
According to the fact that there are two types of CL, ZCL and ACL, and to the difference in epidemiological feature of these two types, it was better to analyze them separately. The main reason we failed to consider this point has to do with the fact that collected data did not discriminate these kinds of CL from each other.
Conclusion
CL found to be more prevalent among IAUs than GP. In addition, distribution of this disease in IAUs was different from GP. Therefore, for the reason of diverse geographic and environmental features in army units, specific health strategies need to be adopted for people who work or live in these areas. In addition, urgent and particular management of health, combating the reservoirs, proper waste disposal and inducing infertility in vectors are highly recommended for provinces like Esfahan and Khozestan.
